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a  b  s  t  r  a  c  t
We  evaluated  the  involvement  of paraventricular  nucleus  (PVN)  in the changes  in  mean  arterial  pressure
(MAP)  and  heart  rate  (HR)  during  an  orthostatic  challenge  (head  up tilt, HUT).  Adult  male  Wistar  rats,
instrumented  with  guide  cannulas  to PVN  and  artery  and  vein  catheters  were  submitted  to  MAP and
HR recording  in  conscious  state  and  induction  of HUT.  The  HUT  induced  an  increase  in  MAP and  HR  and
the  pretreatment  with  prazosin  and  atenolol  blocked  these  effects.  After  inhibition  of  neurotransmission
with  cobalt  chloride  (1  mM/100  nl)  into  the  PVN  the  HR parameters  did  not  change,  however  we observed
a decrease  in  MAP  during  HUT.  Our  data  suggest  the  involvement  of  PVN  in the  brain  circuitry  involved
in  cardiovascular  adjustment  during  orthostatic  challenges.
© 2011  Elsevier  Ireland  Ltd and  the  Japan  Neuroscience  Society.  All rights  reserved.
One of the main functions of the autonomic nervous system
is the maintenance of arterial pressure during orthostatic chal-
lenges. The pooling of blood in lower limbs resulting from standing
reduces intravascular volume and decreases the activity of barore-
ceptors, resulting in sympathetic activation (Raffai et al., 2005).
The baroreceptor signals from carotid, aortic and cardiopulmonary
afferents are integrated into the central nervous system, resulting
in the efferent response to the heart and blood vessels. The result
is expressed as a change in heart rate (HR), myocardial contrac-
tility, venous capacitance and resistance arterioles. However, little
is known about the central areas involved in these cardiovascular
adaptations.
The paraventricular nucleus (PVN) of the hypothalamus is
involved in many cardiovascular reﬂex responses related to blood
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volume. The connections with the PVN to autonomic regions impor-
tant in cardiovascular regulation provide the anatomical substrate
to perform cardiovascular adjustments (Swanson and Sawchenko,
1983; Tóth et al., 1999). According to Dampney (1994), the PVN is
one of the ﬁve areas of the brain called “pre-motor” nucleus, that
was due to the fact it was  shown that it is projected directly to
the intermediolateral cell column of thoracolumbar spinal cord,
where are located the sympathetic preganglionic motoneurons
(Strack et al., 1989). Moreover, PVN neurons also projected to ros-
troventrolateral medulla (RVLM) whose importance is central in
cardiovascular regulation.
Numerous studies have shown changes in blood pressure in
response to activation of the PVN. It gets a variety of afferents, and
the parvocellular neurons that project into the spinal cord respond
to numerous cardiovascular stimuli. Electrophysiological studies
suggest that neurons of the PVN are baro-sensitive, and respond to
changes in blood volume (Mueller et al., 2003). Studies in rats, using
Fos protein to identify activated neurons in the brain suggest that
neurons in the PVN with projections to the intermediate-lateral
column or to the RVLM can be activated by decreases in blood vol-
ume or arterial pressure (Badoer et al., 1993). However, until now a
0168-0102/$ – see front matter © 2011 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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functional study in conscious animals to evaluate the participation
of PVN in cardiovascular adaptations to orthostatic challenges has
not been published yet.
In this study, we investigated the involvement of the PVN in car-
diovascular responses to head up tilt (HUT) by microinjecting into
the PVN, cobalt chloride, to block neurotransmission. The head up
tilt is an accepted methodology to induce orthostatic challenge in
anesthetized rats (Ohlstein et al., 1992; Hashimoto et al., 1999; De
Moura et al., 2005), and has been also published a model devel-
oped for conscious rats (Bedette et al., 2008), which was used in
this study. To test the efﬁcacy of the method of tilt test in con-
scious rats in detecting orthostatic hypotension, a group of rats
was injected with prazosin plus atenolol (0.1 and 2.5 mg/kg, intra-
venous). Adrenergic blockade was used to validate the method,
conﬁrming the involvement of sympathetic reactivity during ortho-
static hypotension (Lamarre-Cliché and Cusson, 2001).
All experiments were performed in conscious, freely moving,
adult male Wistar rats (n = 19) supplied by the central animal house
of the State University of Londrina in Brazil. The animals were
housed individually in Perspex cages in a room with a 12:12-
h light/dark cycle. Food and water were freely available at all
times, except during the experiments. All animal procedures were
approved by our local Institutional Animal Welfare Committee
(CEEA Protocol 17/2010) and conformed to the National Institutes
of Health (NIH) Guidelines for the Care and Use of Laboratory Ani-
mals (NIH Publication 80-23, revised in 1996). All efforts were made
to minimize the number of animals and their suffering.
The rats were anesthetized with sodium pentobarbital
(50 mg/kg, IP) and placed prone in a stereotaxic apparatus (David
Kopf Instruments) with the incisor bar 5 mm below the interaural
line. The animals were implanted with 2 guide-cannulas directed to
the PVN (1.8 mm posterior to bregma, 0.5 mm lateral to midline and
7.6 mm below the surface). The guide-cannula implantation tech-
nique was an adaptation based on a previous work (Martins-Pinge
et al., 1997; De Abreu et al., 2009). All animals received at the end of
the surgery a prophylactic dose of veterinary pentabiotic. After this
the rats were allowed 3–5 days for recuperation from the surgery.
Twenty-four hours before the experiments, under sodium pen-
tobarbital (50 mg/kg, IP) anesthesia, a polyethylene catheter was
inserted into the abdominal aorta through the femoral artery.
Another catheter was inserted into the femoral vein and both
catheters were externalized dorsally to record arterial pressure
(AP) and heart rate (HR) and for drug administration, respectively.
On the day of the experiment, the animals were kept in their
cages and basal recordings were obtained for at least 30 min  before
starting the protocol. The mean arterial blood pressure (MAP) and
heart rate (HR) were recorded by a MLT0380 blood pressure trans-
ducer connected to a Powerlab system 4/20 T (ADInstruments).
The BP and HR were recorded while the animals were awake and
moving freely.
After baseline parameters we realized the sympathetic block-
ade with prazosin (0.1 mg/kg) and atenolol (0.25 mg/kg), 10 min
before restraint, to certify about the involvement of sympathetic
nervous system in these responses. In another groups we realized
the bilateral microinjections in the PVN with physiological saline
(100 nl) or cobalt chloride (1 mM/100 nl), 5 min  before restraint.
After treatment with drugs in the different groups, the animals
were submitted to orthostatic challenge (head up tilt, HUT), accord-
ing to Bedette et al. (2008).  The animals were stimulated to enter in
a cylindrical compartment of approximately 30 cm,  the restraining
tube, for registration of cardiovascular functions for approximately
10 min. The HUT was conducted by raising the head side of the tilt
board from horizontal position to 75◦ head up position for 15 min.
After this period, the animals returned to a horizontal position (in
1 s) and remained for another period of 15 min, until the cardiovas-
cular parameters to stabilize (recovery period). After completing
Fig. 1. Schematic representation of injection sites in serial sections from the rostral
(1.4 mm)  to the caudal (2.12 mm)  extent of the region of the paraventricular nucleus
(PVN). Distance posterior to bregma is shown for each section according to the atlas
of  Paxinos and Watson (1986).  () Microinjections inside PVN; () microinjections
outside PVN. Abbreviations: 3V, third ventricle; AH, anterior hypothalamic nucleus.
the experimental protocol, animals were sacriﬁced with overdose
of anesthetic.
At the end of the experiment, Evans blue dye (2%) was
microinjected (100 nl) into each experimental site of the brain for
histological veriﬁcation. After the rats were sacriﬁced the brain was
removed and ﬁxed in 10% formaldehyde. For histological identiﬁ-
cation of the injection sites, the brain stem was cut coronally into
40-m-thick sections and stained with 1% neutral red. The histo-
logical sections were examined microscopically and compared to
the rat brain atlas (Paxinos and Watson, 1986). The sites of microin-
jection (inside and outside PVN) considered for this study can be
observed in Fig. 1.
All the drugs used for this study: prazosin hydrochloride,
atenolol, cobalt chloride, sodium pentobarbital were obtained from
Sigma Chemical Co. Just before infusion, all drugs were dissolved
in physiological saline, with the exception of prazosin that was
dissolved in ascorbic acid, according to Martins-Pinge et al. (2005).
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Fig. 2. Effects of iv administration of saline (vehicle, n = 7) or prasozin (0.1 mg/kg) and atenolol (0.25 mg/kg, n = 7) on mean arterial pressure (MAP) and heart rate (HR)
during  baseline, drug microinjection, restraint, tilt and recovery. (A and B) Absolute values of MAP  and HR; (C and D) changes in MAP and HR from resting level. Drug was
administered at time – 10 min. The results are expressed as mean ± standard error of the mean (SEM). A signiﬁcant difference was observed between these two  groups in all
times  related to MAP, MAP, and HR responses (p < 0.05).
Statistical analysis was performed using the statistical program
INSTAT (GraphPad, San Diego, CA). The results are expressed as
mean ± standard error of the mean (SEM). The differences between
the experimental and control groups were analyzed with an anal-
ysis of variance (two-way ANOVA) test for multiple comparisons
followed by the Tukey–Kramer, with p < 0.05 to indicate signiﬁcant
differences between groups of animals.
The baseline values on mean arterial pressure (MAP) and heart
rate (HR) for each group and the pharmacological treatment before
the experimental protocols are presented in Figs. 2 and 3, on A and
B panels.
The conduction of restraint in conscious rats in the saline group
promoted increases in MAP  and HR compared with baseline (Fig. 2).
The HUT induced another increase in MAP  and a higher increase in
HR. The previous sympathetic blockade with prazosin and atenolol
promoted an attenuation of the increase in MAP  and a decrease in
HR during restraint. During HUT, the MAP  and HR did not increase
(Fig. 2). Those effects conﬁrm the involvement of autonomic ner-
vous system and specially the sympathetic component on the
cardiovascular alterations during restraint and HUT.
The utilization of the cobalt chloride had the intention to block
synaptic neurotransmission into the PVN. After cobalt chloride
the increase in MAP  during restraint was attenuated. However,
instead of increase in MAP  during tilt observed in the saline group,
we observed a robust decrease in MAP  (p < 0.05). The effects of
cobalt chloride in HR during restraint and tilt were not statistically
different when compared to saline group (Fig. 3), however it
presented a tendency to attenuate HR effects during restraint and
HUT. In those experiments where the sites of microinjection were
outside PVN the effects in MAP  and HR were similar to the saline
group.
It is known that the autonomic nervous system is essential for
the maintenance of cardiovascular function during orthostatic chal-
lenges, and this is well described in literature. Disorders in the
physiological mechanisms of compensation of blood pressure lead
to orthostatic intolerance, as presenting symptoms such as syncope
and orthostatic hypertension. The present study used conscious
animals, without any interference of anesthesia on cardiovascu-
lar function. In this way, it is possible to analyze the cardiovascular
parameters in its integrity, impossible under the inﬂuence of anes-
thetics.
Our data demonstrate that autonomic nervous system,
especially the sympathetic portion has fundamental role in com-
pensatory effects of cardiovascular parameters during postural
changes. Our data are consistent with Raffai et al. (2005), who  also
used conscious animals, and demonstrated in their study, the rats
respond with a small, but signiﬁcant orthostatic hypertension. The
authors also suggest that hypertension is not due to an increase
in myocardial contractility or change in baroreﬂex sensitivity, or
due to non-speciﬁc stress, but probably due to reﬂex sympathetic
activation caused by gravity, which increases peripheral resistance
(Raffai et al., 2006).
Pharmacological inhibition is a common approach to investigate
possible involvement of speciﬁc brain areas in a neural pathway
or network. The technique is based on administering circum-
scribed microinjections of compounds that block neuronal activity.
Microinjection of cobalt into brain areas has been used for func-
tional inactivation (Kretz, 1984) because it prevents the release of
O. de Andrade et al. / Neuroscience Research 72 (2012) 270–274 273
Fig. 3. Effect of microinjection of saline (100 nl, n = 7) or cobalt chloride (1 mM/100 nl) inside (n = 5) or outside (n = 5) PVN on mean arterial pressure (MAP) and heart rate
(HR)  during baseline, drug microinjection, restraint, tilt and recovery. (A and B) Absolute values of MAP and HR; (C and D) changes in MAP  and HR from resting level. Drug
was  administered at time – 5 min. The results are expressed as mean ± standard error of the mean (SEM). A signiﬁcant difference was observed between saline or cobalt
chloride outside PVN compared with cobalt chloride inside PVN for MAP responses (p < 0.05).
synaptic transmitters by blocking calcium channels in the presy-
naptic membrane (Hagiwara and Byerly, 1981). Cobalt is a more
effective inhibitor in the central nervous system than local anes-
thetics or speciﬁc receptor agonists. While cobalt blocks all synaptic
neurotransmission, lidocaine blocks both synaptic transmission
and action potential propagation by ﬁbers of passage (Sandkühler
et al., 1987) and muscimol, for example, selectively inhibits neurons
expressing the GABA-A receptor (Martin and Ghez, 1999).
Our data with cobalt chloride are in line with the literature in
relation to restraint stress. Tavares et al. (2009) observed that block-
ade of PVN synaptic transmission with cobalt signiﬁcantly reduced
the restraint-evoked sustained MAP  increase without affecting the
increase in HR, when compared with rats pretreated with aCSF.
This observation indicates that synaptic neurotransmission within
the PVN modulates the restraint-evoked pressor response but not
the HR response. Tavares study showed that restraint promoted an
initial pick increase in MAP  that was similar with our data. Also,
after the pick increase, the MAP  levels come down and stayed a
little above baseline during the time of restraint. In our study, we
observed a new pick increase in MAP  and HR with the head up tilt,
showing that the new increase is derived of other stimulus than
restraint. In our point of view, there are no data in the literature
that had studied the involvement of PVN in postural alterations in
conscious animals.
In our study we observed that the blockade of synaptic neuro-
transmission with cobalt chloride inhibited the increases in MAP
during HUT and instead promoted a relevant decrease in MAP. This
effect suggests that the PVN seems to be essential to compensate
the decrease in blood pressure during postural challenges. Our data
also suggest that the effects induced by HUT in HR may  not involve
neuronal activity into the PVN.
In summary our data suggest that PVN may participate in the
central pathways involved in the cardiovascular compensations to
postural changes. The participation of the PVN is more preeminent
in arterial pressure alterations than in heart rate.
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